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Background: It has recently been demonstrated that the
green fluorescent protein (GFP) of the jellyfish Aequorea
victoria retains its fluorescent properties when recombi-
nantly expressed in both prokaryotic (Escherichia coli) and
eukaryotic (Caenorhabditis elegans and Drosophila melano-
gaster) living cells; it can therefore be used as a powerful
marker of gene expression in vivo. The specific targeting
of recombinant GFP within cells would allow it to be
used for even more applications, but no information is
yet available on the possibility of targeting GFP to intra-
cellular organelles.
Results: In this study, we show that the GFP cDNA can
be expressed at high levels in cultured mammalian cells;
the recombinant polypeptide is highly fluorescent and is
exclusively localized in the cytosol. Furthermore, we have
modified the GFP cDNA to include a mitochondrial tar-
geting sequence (and a strong immunological epitope at
the amino terminus of the encoded polypeptide). When
transiently transfected into mammalian cells, this construct
drives the expression of a strongly fluorescent GFP chi-
mera which selectively localizes to the mitochondria. We
also describe two of the many possible applications of this
recombinant GFP in physiological studies. The targeted
chimera allows the visualization of mitochondrial move-
ment in living cells. Also, unlike dyes such as rhodamine,
it reveals morphological changes induced in mitochondria
by drugs that collapse the organelle membrane potential.
Moreover, when GFP is cotransfected with a membrane
receptor, such as the ol-adrenergic receptor, the fluores-
cence of the GFP in intact cells can be used in rec-
ognizing the transfected cells. Thus, specific changes in
intracellular Ca2+ concentration that occur in cells ex-
pressing the recombinant receptor can be identified using
a classical fluorescent Ca2+ indicator.
Conclusion: GFP is an invaluable new tool for studies of
molecular biology and cell physiology. As a marker of
transfection in vivo, it provides a simple means of identify-
ing genetically modified cells to be used in physiological
studies. More importantly, chimeric GFP, which in prin-
ciple can be targeted to any subcellular location, can be
used to monitor complex phenomena in intact living
cells, such as changes in shape and distribution of organ-
elles, and it has the potential to be used as a probe of
physiological parameters.
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Background
The development of imaging techniques has increased
the possibility of directly visualizing physiological events
as they occur in living cells. Each biological application
depends on the availability of suitable probes for label-
ing the structures and/or for measuring the parameters
of interest. Traditionally, small molecules that have fluor-
escent or luminescent properties have been used for
such purposes, but these probes often distribute non-
exclusively to the compartment of interest, complicating
the interpretation of results. In principle, these problems
can be bypassed by using reporter proteins as probes, as
the cellular sorting of a polypeptide is strictly controlled
by the targeting information included in its primary
sequence (or by other controllable signals, such as
hormone binding).
Based on these considerations, we have recently devel-
oped protein chimeras composed of the Ca2+-sensitive
luminescent protein aequorin and specific targeting
sequences. These new Ca2 + probes have allowed the spe-
cific, direct monitoring of the Ca2 + concentration in the
lumen of mitochondria [1], nuclei [2] and the endoplas-
mic reticulum ([3]; M. Montero, M. Brini, R. Marsault,
J. Alvarez, R. Sitia, T. Pozzan and R. Rizzuto, unpub-
lished observations) of living cells. However, the direct
visualization of subcellular structures with aequorin is
limited by the low amount of light emitted by this pho-
toprotein (less than 1 photon per molecule). By contrast,
most fluorescent compounds have light-emitting proper-
ties of the order of several thousands of photons per mol-
ecule, and these levels are primarily limited by photo-
bleaching during observation. The recent cloning and
expression of the green fluorescent protein (GFP) [4,5], a
highly fluorescent protein of the bioluminescent jellyfish
Aequorea victoria, has therefore attracted wide interest.
The 238 amino-acid GFP is present as a monomer in
solution, and emits green light upon excitation with
ultraviolet (UV) or blue light.
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GFP has been used for studies of gene expression in
living cells [5], and has great potential for other applica-
tions, such as physiological studies. To be useful for such
studies, however, its primary sequence has to be modi-
fied by adding targeting sequences or binding sites, and
no information is yet available on how this might affect
the formation of the fluorophore and/or its light emis-
sion properties. Indeed, the recombinant expression of
GFP cDNA has been described as highly variable in
mammalian cells, suggesting that expression itself, or the
formation of the fluorophore, may be critical steps for
the use of GFP as a probe [5]. In this paper, we show
that GFP can be expressed at high levels in mammalian
cell lines and can be targeted to an intracellular organelle
(the mitochondrion) without affecting its fluorescence
properties.
Fig. 1. Construction strategy for mtGFP. (a) A schematic map of
gfplO (cytGFP), the starting point of mtGFP construction. As
described in the text, after a PCR step which allowed the addi-
tion of a Hindlll site, the GFP cDNA was fused in-frame with the
sequence encoding the HA1 epitope, generating construct (c),
and then with construct (b), encoding a portion of the precursor
of a mitochondrial protein (COX8). The deduced polypeptide, as
verified by DNA sequencing and shown in (d), includes the
COX8 moiety, two linker amino acids encoded by the Clal site
bases, the HA1 epitope and GFP. Coding regions are indicated in
green for GFP, yellow for the HA1 epitope, and light and dark
blue for the cleavable presequence and the mature mitochon-
drial polypeptide, respectively. The positions of relevant restric-
tion sites are shown (E, EcoRI; H, Hindlll; C, Clal; X, Xbal). The
scale (0.1 kb) refers to the size of the cDNA inserts (in colors),
not to that of the cloning vectors (grey).
Results
GFP cDNA constructs and expression
In order to construct a cytosolic GFP (cytGFP) expres-
sion plasmid, the original gfplO 1.0 kilobase (kb) frag-
ment [4] was cloned with no further modifications into a
eukaryotic expression vector (see Materials and methods
for details of the constructs and expression system).
In the construction of a mitochondrially targeted GFP
(mtGFP) expression plasmid, the gfplO cDNA was first
amplified by the polymerase chain reaction (PCR) and
the PCR fragment was then fused to the sequence
encoding the hemagglutinin HAI epitope [6]. The
sequence encoding the epitope-tagged GFP was then
excised from the vector and cloned into a pBSK+ vector,
immediately downstream of a fragment encoding the
amino-terminal 31 amino acids of the precursor of sub-
unit VIII of cytochrome c oxidase [7], which form a
Fig. 2. GFP fluorescence and bright-field image of HeLa cells
transiently transfected with the cytGFP expression plasmid. The
coverslip of HeLa cells was analyzed for GFP fluorescence 36 h
after transfection. (a) The fluorescence image of GFP. In (b), the
bright field image is superimposed on the fluorescence image. A
subset of cells shows strong fluorescence, with a clear cytosolic
distribution. The percentage of fluorescent cells with cytGFP
tends to be more variable in different experiments and, on
average, lower than with mtGFP. Scale bar = 14 p.m.
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Fig. 3. Fluorescence image of a HeLa
cell transiently transfected with mtGFP;
36 h after transfection, the coverslip of
HeLa cells was analyzed for GFP fluor-
escence as in Fig. 2. Scale bar = 7 Lm.
mitochondrial targeting sequence. The fused sequences
were in-frame, as verified by DNA sequencing (data not
shown). Thus, the chimeric cDNA encodes, from the
amino to the carboxyl termini: a mitochondrial pre-
sequence and 6 amino acids of the mature cytochrome c
oxidase protein; a few linker amino acids; the HA1 epi-
tope; and GFP. The chimeric cDNA was subcloned and
used in transfection experiments. Figure 1 shows a sche-
matic map of the GFP cDNA, and a summary of the
construction strategy used to generate mtGFP.
Expression of recombinant GFP in mammalian cells
GFP has been shown to represent a marker of gene
expression in vivo in cells of Escherichia coli [5], Caenor-
habditis elegans [5] and Drosophila melanogaster [8], but
GFP fluorescence has been reported to be very low in
a number of mammalian cell types on transfection of
the GFP cDNA [5]. Figure 2a shows HeLa cells tran-
siently transfected with the cytGFP expression plasmid
and analyzed in vivo for fluorescence. Cells expressing
cytGFP appear strongly fluorescent; moreover, the dif-
fuse staining and the rapid release of the protein upon
permeabilization of the plasma membrane with the
detergent digitonin (data not shown) confirms that this
unmodified GFP cDNA encodes a cytosolic protein.
The bright field image (Fig. 2b) shows that, as expected,
the GFP-positive cells represent a subset of the whole
population - about 10-20 % of the total. A good flu-
orescence signal was also observed upon the transfection
of other mammalian cell lines or primary cultures of
cortical neurons, skeletal muscle cells and hepatocytes
(data not shown).
HeLa cells were also transiently transfected with the
mtGFP expression plasmid. When living cells were obser- Fig. 4. Fluorescence and immunolocalization of the transfected
mtGFP protein in fixed HeLa cells. (a) MtGFP fluorescence
ved with the fluorescence microscope, a strong signal was (fluorescein filters); (b) staining with the anti-HAl antibody
visible in about 20-30 % of the cells, and the fluorescence (rhodamine filters). Cells were analyzed as in Fig. 2. Scale
was in a rod-like pattern typical of mitochondria (Fig. 3). bar = 22 i.m.
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Fig. 5. Immunolocalization of (a) recombinant GFP with a
rhodamine-labelled secondary antibody; and (b) cytochrome c
oxidase with a fluorescein-labelled secondary antibody. Fixed
transfected HeLa cells were analyzed as in Fig. 2. The weak
nuclear staining is due to non-specific binding of the secondary
antibodies. Scale bar = 8 M.
GFP fluorescence has been reported to be preserved
upon fixation of cells [5]. This property and the presence
of a strong immunological epitope (HA1) were used for a
direct comparison of the sensitivity of GFP fluorescence
when targeted to mitochondria with the sensitivity of
immunocytochemistry. A coverslip of transiently trans-
fected HeLa cells was fixed, labeled with a monoclonal
antibody specific for the HA1 epitope tag, and treated
with a tetramethylrhodamine isothiocyanate (TRITC)-
conjugated secondary antibody. Figure 4a shows GFP
fluorescence, as revealed upon illumination with blue
light; Figure 4b shows the staining pattern revealed by
the TRITC-labeled antibody. In both cases, the typical
rod-like pattern of mitochondria is clearly visible. Inter-
estingly, all cells positive for GFP fluorescence were also
labeled with the anti-HA1 antibody (and vice versa); thus,
at least in this cell system, GFP detection has the same
sensitivity as a classical immunocytochemical method.
In order to investigate the specificity of mtGFP target-
ing to mitochondria, we compared the distribution of
the GFP chimera with that of a ubiquitous mitochon-
drial protein, cytochrome c oxidase. Figure 5 shows a
Fig. 6. Confocal images of cells (a,b) transfected with mtGFP or
(c,d) loaded with rhodamine 123. Images were taken at the
beginning (a,c) and at the end (b,d) of 3 min of continuous illu-
mination with the laser beam. The coverslip was held in place in
a thermostatically regulated chamber at 37°C, as described in the
Materials and methods section. Scale bar = 7 g±m.
double-immunolabeling experiment with a TRITC-
conjugated antibody against the HA1 epitope of the
chimeric protein (which labels the transfected subpopu-
lation of cells; Fig. 5a) and a fluorescein isothiocyanate
(FITC)-conjugated antibody against cytochrome c oxi-
dase (which labels all the cells; Fig. 5b). In the cells that
are positive with both antibodies (for example, the cell
on the left in Fig. 5), the distributions of the two labels
were indistinguishable.
We took advantage of the HA1 epitope included in
mtGFP to quantitate, by immunoblotting, the expression
of the recombinant protein (data not shown). On the
basis of a comparison with known amounts of HA1-
tagged aequorin chimeric proteins [9], we estimate that
there are around 106 molecules of recombinant mtGFP
per transfected cell.
Living HeLa cells transfected with mtGFP were further
analyzed by confocal microscopy, which allows a better
resolution of cellular structures. Comparison of parts (a)
and (c) of Figure 6 demonstrates that the fluorescence
images of mtGFP and rhodamine 123, a typical vital stain
of mitochondria, are very similar. However, the very
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limited photobleaching of GFP provides a significant
advantage of the fluorescent protein over the dye. This is
evident from the images taken after 3 minutes of con-
tinuous illumination (Fig 6b,d). In this case, little reduc-
tion of GFP fluorescence was observed, whereas the
rhodamine 123 fluorescence was dramatically reduced;
GFP fluorescence was still clearly visible after 30 minutes
of illumination (data not shown).
Use of GFP in physiological experiments
The rhodamine 123 signal is lost in a few seconds upon
collapse of the membrane potential ([10] and data not
shown), but the GFP signal is independent of this para-
meter; mtGFP can therefore be used to study mitochon-
drial dynamics under experimental conditions that alter
membrane potential. Figure 7 shows confocal images of
the effects on mitochondrial position and shape of two
agents: the cell agonist histamine, which is coupled to
the generation of inositol 1,4,5 trisphosphate (IP3);
and the drug p-(trifluoro-methoxy)phenylhydrazone
(FCCP), which collapses the mitochondrial membrane
potential.
In Figure 7, parts a, c and e show images of cells taken
before any addition to the incubation medium; Figure 7b
shows control cells after 15 minutes in untreated
medium. In these untreated cells, the positions of the
mitochondria in the cells undergo continuous changes,
but these are small during the experiment time period.
Stimulation for 15 minutes with 100 I.M histamine does
not cause obvious alterations in the morphology of
mitochondria (Fig. 7d), although it induces dramatic
transient increases in intramitochondrial Ca2 + concentra-
tions [11,12]. However, when challenged for 15 minutes
with 10 IM FCCP, which collapses the mitochondrial
membrane potential, the mitochondria undergo major
structural rearrangements such as condensation and the
formation of rings (Fig. 7f). This confirms the view that
the energy state of mitochondria plays a major role in
determining their shape [10].
Finally, Figure 8 shows a simple, but extremely useful,
application of GFP - as a marker of transfection in cell
physiology experiments. HeLa cells were co-transfected
with mtGFP and with the cDNA encoding the aol-
adrenergic receptor. Thirty-six hours after transfection,
the cells were loaded with the Ca 2+ indicator indo-1
[13], and fluorescence was analyzed by confocal micro-
scopy. GFP-positive cells were identified by illuminating
the sample with blue light ( = 488 nm); under these
Fig. 7. Confocal images of the effects of
histamine and FCCP on mitochondrial
shape. Images of control cells (a) before
and (b) after incubation for 15 min in
untreated medium. Images of cells (c)
before and (d) after treatment for 15 min
with 100 CIM histamine. Images of cells
(e) before and (f) after treatment for
15 min with 10 M FCCP. Unlike the
experiment in Fig. 6, the cells were not
continuously illuminated. Images were
taken at 2 min intervals, but only the
first and last images are shown in the
figure. Other conditions were as in
Fig. 6. Scale bar = 6 pm
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Fig. 8. Effects of noradrenaline and
histamine on cytoplasmic Ca2 + concen-
tration in cells cotransfected with mtGFP
and the xal-adrenergic receptor. The cells
were loaded with indo- and incubated
as described in Materials and methods.
(a) Fluorescence of mtGFP, as revealed
by illumination with the 488 nm laser
band. Only two cells appear positive. (b)
Ratio image (in pseudocolor) of the cells
before any addition. (c) Image taken
5 sec after the addition of 100 ILM nora-
drenaline. Only the two mtGFP-positive
cells responded to the stimulus. After
5 min, 100 LM histamine was added,
and the image shown in (d) was taken
10 sec after the addition of the second
agonist. The response of different cells to
histamine was slightly asynchronous. All
cells except for the one strongly positive
for GFP showed an increase in cytosolic
Ca2 + concentration similar to that evoked
by noradrenaline in the two positive
cells. The pseudocolor ratio scale is
shown on the right of the panels. Scale
bar=20 .m.
conditions, two cells in the field were clearly fluorescent
(Fig. 8a). The cells were then illuminated with UV light
(X = 365 nm), which allows the monitoring of the
cytosolic Ca2+ concentration ([Ca2 +]c) with indo-1. At
rest (Fig. 8b), [Ca2+]c was low and rather homogeneous
in all the cells. The cell with the highest fluorescence
from mtGFP had the lowest indo-1 fluorescence; this is
presumably due to the overlap between the indo-1 emis-
sion and GFP absorbance spectra. Upon stimulation with
noradrenaline, a large increase in fluorescence was obser-
ved only in the two GFP-positive cells (Fig. 8c). Con-
versely, the addition of histamine, for which HeLa cells
have an endogenous receptor, induced in all cells -
except for one - a large increase in [Ca2 +]c (Fig. 8d).
The very low response to histamine in the cell expressing
the highest level of mtGFP (and thus probably the high-
est level of the al-adrenergic receptor), is likely to be
due to a cross-desensitization effect [9].
Discussion
The use of fluorescent and luminescent proteins in cell
biology is becoming more widespread, for t least two
reasons. The first is that recombinant expression largely
circumvents the major technical problem that has so far
limited their applications - the need for traumatic and
time consuming approaches (such as microinjection) in
order to introduce the polypeptide probe into a living
cell. The second is that heterologous reporter proteins
can be molecularly engineered to include targeting
sequences, which cause them to be specifically addressed
to the subcellular compartment of interest.
The recently cloned green fluorescent protein of
Aequorea victoria is, for many applications, an ideal re-
porter protein. The most obvious application of GFP is
in studies of gene expression, as demonstrated in the
pioneering paper of Chalfie and coworkers [5], who
showed that the recombinant protein maintains its strong
fluorescent signal in living E. coli and C. elegans cells.
More recently, Lo and coworkers [14] have shown that a
strong fluorescence signal can be observed in neurons
upon particle-mediated transfection of brain slices with
the GFP cDNA. A wider range of applications may fol-
low from the demonstration that GFP can be addressed
to organelles or other subcellular structures, and that
modification of the protein sequence so as to target it
does not affect its fluorescence properties. Although
point-mutated GFP [15] and GFP fusion proteins [8]
have been reported to be fluorescent in E. coli and D.
melanogaster cells, this may not always hold true; in fact,
the folding of the protein, and hence its fluorescence, can
be affected by modifications to its primary structure
and/or the specific environment of organelles. Indeed,
GFP has been reported to lose its fluorescence when
exposed to reducing agents [16].
In order to target GFP, which is cytosolic in the jelly-
fish, to a different compartment - the mitochondria
- we constructed the mtGFP chimera which includes
the targeting signal of subunit VIIJ of cytochrome c
oxidase at its amino terminus. When expressed in mam-
malian cells, this chimera is confined to mitochondria
and strongly fluorescent, despite the extensive manipu-
lation of its amino terminus and the reducing properties
of the environment (the mitochondrial matrix). This
reporter protein therefore appears ideally suited for
monitoring mitochondrial structure and dynamics in
living cells.
Unlike dyes such as rhodamine 123 [17], mtGFP cannot
be used to monitor changes in membrane potential,
but its minimal photobleaching is a major advantage in
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long-term analysis of living cells. In addition, its consti-
tutive mitochondrial localization allows the detection of
mitochondrial dynamics in a variety of physiological and
pathological conditions (such as the dissipation of mito-
chondrial membrane potential). Furthermore, inhibition
of both electron flow and ATPase activity has been
shown to occur with rhodamine 123 [18] and other
lipophilic dyes accumulated by mitochondria [19]. The
inclusion of the HA1 epitope is a bonus of our con-
struct. The tag, which allowed a straightforward quanti-
tation of the expressed protein by immunoblotting, will
be particularly useful in determining whether a negative
result when assessing fluorescence is due to a lack of GFP
expression or to unsuccessful folding of the protein.
GFP may also become an invaluable tool in cell physiol-
ogy experiments. Expression of a transgene is a powerful
experimental approach, but the major problem for physi-
ological experiments at the single-cell level is that of
identifying the cells that express the foreign polypeptide.
Cotransfection of GFP with the gene of interest is a sim-
ple, effective and straightforward solution to this prob-
lem. To this end, mtGFP may be even more useful than
cytGFP, especially when the expression of the reporter
protein is low. In fact, mtGFP is accumulated in a cell
compartment that occupies less than 10 % of the cell
volume, and thus, for a similar level of expression, the
signal-to-noise ratio can be expected to be about 10-fold
better than with cytGFP. In experiments that also use
cytosolic fluorescent dyes - Ca2+ indicators - the
compartmentalization of mtGFP is advantageous in redu-
cing phenomena such as energy transfer or inner filter.
Indeed, we observed a drastic reduction of indo-1 fluo-
rescence in cells expressing a high level of cytGFP (data
not shown).
Conclusions
We have demonstrated that the GFP sequence can be
targeted to an intracellular organelle, with no effect on
the light emission properties or the spectral characteris-
tics of the fluorescent protein. It is reasonable to predict
that, as for other chimeric proteins, more complex mod-
ifications can be introduced in order to alter specifically
the intracellular fate of the fluorescent protein. Thus,
various fascinating applications should be possible. For
example, by the addition of suitable targeting sequences,
GFP could, in principle, be directed to virtually any
subcellular compartment, making various cell structures
visible in vivo. Furthermore, GFP could be fused to spe-
cific proteins (such as those involved in vesicle docking
and fusion, or receptors or channels), providing a tool
for monitoring in vivo the sorting and intracellular fate
of these proteins. Finally, it is conceivable that appropri-
ate modifications of the GFP sequence may render its
fluorescence sensitive to physiological parameters, such
as ion concentration. Thus, even at this stage of techni-
cal development, it is not difficult to predict a 'bright'
future for GFP.
Materials and methods
Construction of GFP expression vectors
To construct a cytosolic GFP (cytGFP) expression plasmid, the
original gfplO0 1.0 kb fragment [4] was cloned, with no further
modifications, into the EcoRI site of pcDNAI, a eukaryotic
expression vector based on the enhancer-promoter sequences
of the immediate early gene of human cytomegalovirus.
To construct a mitochondrially targeted GFP (mtGFP) expres-





Amplification was over 30 cycles (1 min at 95 C, 2 min at
55 C, 1 min at 72 C), using 2 ng template DNA. The for-
ward primer specifies a HindIII site immediately upstream of
the start of the GFP-coding sequence. The reverse primer cor-
responds to the antisense orientation of nucleotides 734-757 of
the pGFP10.1 sequence.
The PCR fragment was fused in-frame, via the HindIII site, to
the sequence encoding the hemagglutinin HAI epitope [6].
This was achieved by excising the calreticulin (CR)-encoding
region from a PCR product that encodes the HAI epitope and
a portion of the CR cDNA, inserted into the Stratagene
pBSK+ vector (C. Bastianutto, E. Clementi, F. Codazzi, P.
Podini, F. De Giorgi, R. Rizzuto, J. Meldolesi and T. Pozzan,
unpublished observations).
The sequence encoding the epitope-tagged GFP was excised
from the vector via a ClaI site located upstream of the epitope
sequence and an XbaI site located downstream of GFP. The
0.7 kb ClaI/XbaI fragment was then cloned into a pBSK +
vector, immediately downstream of a 0.15 kb fragment encod-
ing the amino-terminal 31 amino acids of the precursor of sub-
unit VIII of cytochrome c oxidase [7]. The fused sequences
were in frame, as verified by DNA sequencing. The chimeric
cDNA was subcloned into the pcDNAI vector and used in
transfection experiments.
The cloning steps were carried out according to standard
procedure [20]. 'In-frame' fusion of the DNAs encoding the
mitochondrial presequence and the fluorescent protein was
controlled by sequencing the final construct using the
Pharmacia T7-polymerase sequencing kit.
Cell culture and transfection
HeLa cells were grown in Dulbecco Modified Eagles' Medium
(DMEM), supplemented with 10 % fetal calf serum in 75 cm 2
Falcon flasks. For the transient expression of GFP, the cells
were plated onto 24 mm diameter round coverslips, and trans-
fection with 8 xg per well of plasmid DNA was carried out as
described [21].
Detection of GFP and rhodamine 123 fluorescence in vivo
GFP fluorescence was observed in living cells, 36 h after trans-
fection, either with a Zeiss Axioplan fluorescence microscope
(excitation and emission of fluorescein) or with a Nikon RCM
8000 real-time confocal microscope. In the latter case, the cov-
erslip with the mtGFP-transfected cells was placed in a chamber
kept at 37 C by a thermostat (Medical System Corporation,
Greenvale, New York) on the stage of the microscope. The
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sample was illuminated with an argon ion laser using the
488 nm band. The signal was usually averaged over 2-4 sec.
The incubation medium contained 125 mM NaC1, 5 mM KCI,
1 mM Na3PO 4, 1 mM MgSO 4, 1 mM CaC12, 5.5 mM glucose
and 20 mM Hepes pH 7.4.
HeLa cells were incubated with 10 paM rhodamine 123 for
10 min at 37 C, washed several times with warm medium and
then analyzed as above for GFP.
[Ca2+]c measurement with indo- 1
Cells were loaded with 5 tM indo-1/AM (Molecular Probes,
Eugene, Oregon) for 30 min. The 365 nm band of the argon
ion laser was used for excitation and the emitted light, sepa-
rated into its two components (405 and 488 nm) by a dichroic
mirror, was collected by two separate photomultipliers. The
ratio of the intensity of the light emitted at the two wave-
lengths (405/488), a function of [Ca2 +]c, was displayed as a
pseudocolor scale.
Immunolocalization of GFP
Thirty-six hours after transfection, the cells were fixed and
immunostained with the monoclonal antibody 12CA5 or a
polyclonal antibody against cytochrome c oxidase, as described
previously [22].
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